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Abstract 
In this study, the field performance of Adara, CAB 6P, Gisela 5, MaxMa 14, Saint 
Lucie GF 64 (SL 64), Saint Lucie GF 405 (SL 405), and Tabel-Edabriz rootstocks, 
grafted with two sweet cherry cultivars (‘Stark Hardy Giant’ and ‘Van’, Prunus avium 
L.), were compared after seven years of planting on a calcareous clay-loam soil. The 
leaf and shoot mineral elements analysed were N, P, K, Ca, Mg, Fe, Mn, Zn, Na and 
Cu. In the case of both cultivars, tree vigour and cumulative yield were highest on 
Adara, whereas yield efficiency was greater on Gisela 5. All rootstocks induced low leaf 
Fe concentrations, although visual chlorosis symptoms were not observed. In both 
cultivars, significant positive correlations between Mn shoot and leaf concentration 
were found. Significant positive correlations were also found between yield efficiency 
and shoot mineral concentration, with the exception of Mg and Zn, which showed no 
correlation, and K with negative correlation. In ‘Van’ cultivar, Adara rootstock followed 
 1
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
by CAP 6P and Gisela 5 showed the most balanced nutritional values. On the other 
hand, SL 64 had leaf mineral element concentrations below the optimum, probably due 
to the bad adaptation to heavy soil conditions. 
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1. Introduction 
In 2005, the cherry production in Western Europe was 486 thousand tons 
(FAOSTAT, 2005). Spain was the third largest producer of sweet cherries after 
Germany and Italy. Since calcareous soils are predominant in Spain and other 
Mediterranean areas, a traditional rootstock used is Prunus mahaleb (Moreno et al., 
1996). 
The cherry rootstock influences the performance of the scion cultivar. It has an 
effect on cherry fruit quality (Facteau et al., 1996; Jiménez et al., 2004a), tree growth 
(Facteau et al., 1996), yield and yield efficiency (Facteau et al., 1996; Moreno et al., 
2001) and floral and foliar nutrition (Neilsen and Kappel, 1996; Betrán et al., 1997; 
Jiménez et al., 2004b). Leaf mineral analysis is a useful tool for the assessment of the 
nutritional status of crops. Recently, the analysis of mineral content in flowers has been 
employed as nutritional prognosis in cherry (Jiménez et al., 2004b) and peach (Sanz and 
Montañés, 1995; Zarrouk et al., 2005). However, little is known about the influence of 
the rootstock on the mineral composition of the shoot. 
There is commercial interest in utilizing dwarfing cherry rootstocks, since they may 
decrease management costs, such as harvesting. However, soil characteristics may limit 
even more the vigour of rootstocks, thus low vigour rootstocks may be not so 
recommendable. The SL 64 and SL 405 (Ferci-Pontaleb) are two clonal selections of P. 
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mahaleb. They are invigorating rootstocks that can be unsuitable for heavy soils or 
where waterlogging occurs (Breton et al., 1972; Perry, 1987). Under these conditions, 
Adara seems to be a suitable rootstock for cherry cultivars (Moreno et al., 1996). 
Another rootstock that has shown to have good agronomic adaptation to calcareous and 
heavy soils is CAB 6P (Jiménez et al., 2004b). MaxMa 14 is a cherry rootstock selected 
for its good agronomic adaptation to different soils (Perry, 1987) and intermediate level 
of vigour (Moreno et al., 2001). Gisela 5 and Tabel-Edabriz are also dwarfing 
rootstocks (Charlot et al., 2005). The former is an inter-specific hybrid among the most 
yield efficient and precocious rootstocks for sweet cherry (Ruisa and Rubauskis, 2004). 
However, its performance has not been fully described under Mediterranean growing 
conditions. 
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The present study was carried out with ‘Stark Hardy Giant’ and ‘Van’ sweet cherry 
cultivars, grafted on rootstocks of different vigour, on heavy and calcareous soil 
conditions. The objective was to evaluate the performance of the rootstocks, through 
mineral analysis of leaves and wood as a nutritional status tool, and to assess the 
influence of rootstocks on mineral nutrient uptake by cherry trees. 
 
2. Materials and methods 
2.1 Plant material 
Seven cherry rootstocks were compared in one trial established in the winter of 
1997-1998. They were grafted in situ with ‘Stark Hardy Giant’ (‘SHG’) and ‘Van’ 
sweet cherry cultivars (Prunus avium L.) during the summer of 1998. 
Rootstocks under evaluation included two sour cherry (P. cerasus) selections: CAB 
6P and Tabel-Edabriz (Tabel); two selections of P. mahaleb: Saint Lucie GF 64 (SL 64) 
and Saint Lucie GF 405 (SL 405); a P. cerasifera rootstock: Adara; one selection 
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considered to be of P. mahaleb x P. avium parentage: MaxMa 14; and a P. canescens x 
P. cerasus hybrid: Gisela 5. Due to bud-take problems of ‘Van’ grafted on Tabel, this 
rootstock-cultivar combination was not included in the trial. 
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2.2 Field trial 
The trial was carried out at the Experimental Station of Aula Dei (Zaragoza, Spain) 
on calcareous soil, with 27% total calcium carbonate, 8% active lime, water pH 8.3, and 
a clay-loam texture. 
Trees were planted at 5 x 4 m, and were minimal pruned throughout the experiment, 
excepting the Spanish Bush developed the first years. This training system controlled 
tree height by pruning in the summer and fall. The orchard was managed following the 
usual local procedures. The plot was level-basin irrigated every 12 days during the 
summer. The experiment was established in a randomised block design with five single-
tree replications for each scion-stock combination. Guard rows were used to preclude 
edge effects. 
 
2.3 Growth measurement and yield 
Trunk girths were measured during the dormant season 20 cm above the graft union, 
and the trunk cross-sectional area (TCSA) was calculated. Cumulative yield per tree and 
yield efficiency (cumulative yield in kg per final TCSA) of each scion-stock 
combination were computed from the harvest data. 
 
2.4 Chlorophyll analysis 
The chlorophyll (Chl) concentration per unit leaf area was estimated in the field, 
using a SPAD 502 meter (Minolta Co., Osaka, Japan). After calibration, SPAD 
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measurements were converted into Chl concentration per unit of leaf area (nmol Chl cm-
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). Thirty leaves per tree, from extension shoots located all around the crown, were 
measured with the SPAD apparatus to obtain the average leaf Chl concentration 
representative of the leaves belonging to the outer part of the tree canopy. 
Measurements were carried out 120 days after full bloom (DAFB) in 2001 and 2005. 
 
2.5 Mineral analysis 
Leaf and shoot mineral element concentrations were determined in 2005, i.e. 7 years 
after grafting. Sampling was done at 120 DAFB, approximately 7 weeks after harvest. 
Leaf samples were collected from extension shoots around the crown of trees of five 
blocks. Shoot samples of the previous year growth were collected from all around the 
crown of trees of five blocks. 
The mineral element composition of the dried tissue was measured using the 
methods of C.I.I. (1969) and C.I.I. et al. (1975), as previously reported (Jiménez et al., 
2004b). Total N was determined by Kjeldahl analysis (Gerhardt Vapodest); P was 
analysed spectrophotometrically by the phospho-vanadate colorimetric method (Hewlett 
Packard 8452A); K by atomic emission spectroscopy; and Ca, Mg, Fe, Mn, Cu, Na and 
Zn by atomic absorption spectroscopy (Perkin-Elmer 1100). 
 
2.6 Deviation from Optimum Percentage 
The DOP index (Deviation from Optimum Percentage) was estimated for the 
diagnosis of the nutritional status of trees (Montañés et al., 1993). The DOP index was 
calculated from leaf analyses at 120 DAFB by the following mathematical expression: 
100100 
refC
CDOP
 124 
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where C is the nutrient concentration in the sample to be studied, and Cref is the nutrient 
concentration considered as optimum, both values given on a dry matter basis. The C
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has been taken from optimum values proposed by Leece (1975). The Σ DOP is obtained 
by adding the values of DOP indices irrespective of sign. The larger the Σ DOP, the 
greater the intensity of imbalances among nutrients. 
 
2.7 Data analysis 
Data were evaluated by analysis of variance with SPSS 13.0.1 (SPSS, Inc, Chicago, 
USA). When the F test was significant, means were separated by Duncan’s Multiple 
Range test (P ≤ 0.05). 
 
3. Results 
3.1 Vigour and yield characteristics 
Tree growth, as measured by TCSA, was significantly affected by rootstocks 
starting from the fourth year after grafting: both cultivars ‘SHG’ and ‘Van’ showed the 
higher values on Adara and SL 64 (171 and 112; 274 and 202 cm2, respectively) and 
lower values on Gisela 5 (23 and 34 cm2, respectively); on the other rootstocks tree 
growth was intermediate (Table 1; Figure 1). 
In the first bearing years (2001-2002), yields were very low, and there were no 
statistically significant rootstock differences. However, in 2005, differences among 
rootstocks became evident, Adara being the one providing the highest yield per tree for 
both cultivars (data not shown). The lowest yield was recorded on Gisela 5, followed by 
SL 64 and SL 405. In that year, fruit yield was also affected by the type of cultivar, 
being always greater in ‘Van’. 
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By year seventh after grafting, the cumulative yield for both scions was greater on 
Adara rootstock (35.5 and 60.5 kg tree
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-1 in ‘SHG’ and ‘Van’, respectively), whereas the 
highest yield efficiency was recorded on Gisela 5 (0.32 and 0.45 kg cm-2 in ‘SHG’ and 
‘Van’, respectively) and the lowest on MaxMa 14 and SL 64; SL 405 caused a yield 
efficiency low on ‘SHG’ and intermediate on ‘Van’ (Table 1). On the other hand, Gisela 
5 induced low fruit size for ‘Van’ (data not shown). 
 
3.2 Leaf characteristics 
In 2001, the chlorophyll content was higher in ‘SHG’ grafted on Adara (39.2 nmol 
cm-2) and CAB 6P (35.7 nmol cm-2), whereas no statistical differences were evident 
among the other cultivar/rootstock combinations. Such differences disappeared in 2005 
(Table 2). A low leaf chlorophyll concentration trend was found in ‘SHG’ grafted on SL 
64 for both years of measurement (31.4 and 32.7 nmol cm-2 in 2001 and 2005, 
respectively). 
 
3.3 Mineral element concentration 
The influence of rootstocks on leaf and shoot mineral element concentrations was 
statistically significant for ‘SHG’ (Table 3) and ‘Van’ (Table 4). 
 
3.4 Leaf mineral nutrients 
In the case of ‘SHG’, leaf macronutrient concentrations were significantly 
influenced by the rootstock except for N (Table 3). The P concentration was lower on 
Adara and Tabel (0.30 and 0.33 % DW, respectively), and the lowest K concentration 
was also found on these rootstocks and SL 405 (1.20, 1.29 and 1.25 % DW, 
respectively). Leaf K concentration was also depending on the scion (P ≤ 0.05). The Ca 
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concentration was higher on MaxMa 14, SL 64 and SL 405 (2.34, 2.36 and 2.21 % DW, 
respectively), whereas it was lower on all the other rootstocks. The Mg concentration 
was higher on the Saint Lucie rootstocks (SL 64 and SL 405) and lower on Gisela 5 
(0.31 % DW). For micronutrients, only Mn leaf concentration was influenced by the 
rootstock, being greater on Gisela 5 (74.8 mg kg
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-1) and lower on Tabel (36.5 mg kg-1), 
but not different from SL 405 (48.3 mg kg-1). 
In the case of ‘Van’, P was the only macronutrient affected (Table 4). This was 
lower on Adara rootstock. For leaf micronutrient concentrations, significant differences 
were not observed among rootstocks for Zn, Na and Cu. The Fe concentration was 
higher on CAB 6P (53.6 mg kg-1), lower on MaxMa 14 and SL 64 (45.6 and 43.0 mg 
kg-1, respectively), and intermediate on the other rootstocks. Leaf Mn concentration was 
higher on Adara and Gisela 5 (74.2 and 71.4 mg kg-1, respectively). 
 
3.5 Shoot mineral nutrients 
Significant differences were observed among rootstocks for macronutrient 
concentrations in ‘SHG’, with the exception of Mg (Table 3). Gisela 5 showed the 
highest N, P and Ca concentrations and the lowest K concentration (1.01, 0.20, 1.91 and 
0.34 % DW, respectively). 
Regarding micronutrients, Mn, Zn and Cu concentration of ‘SHG’ shoot appeared to 
be influenced by the rootstock. The Mn concentration was higher on Gisela 5 (60.2 mg 
kg-1), followed by Adara (50.8 mg kg-1). Shoot Zn concentration was higher on Gisela 
5, SL 405 and Tabel (38.0, 42.0 and 42.0 mg kg-1, respectively), lower on Adara (20.3 
mg kg-1), and intermediate on the other rootstocks. The highest Cu concentration was 
measured on Gisela 5 (125.2 mg kg-1). 
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Macronutrient concentrations of ‘Van’ shoot were influenced by the rootstock 
(Table 4). The N and P concentration was greater on Gisela 5 (0.77 and 0.21 % DW, 
respectively) and lower on SL 64 (0.51 and 0.14 % DW, respectively), whereas the K 
concentration was higher for CAB 6P, MaxMa 14 and SL 405 (0.40, 0.40 and 0.39 % 
DW, respectively). Ca and Mg concentration was higher on Gisela 5 and SL 405, 
respectively. 
In the case of micronutrients, rootstocks grafted with ‘Van’ had effect only on shoot 
Mn, Na and Cu concentrations, being higher on Gisela 5 (48.2, 0.012 and 154.4 mg kg-
1, respectively). It was remarkable that shoot Cu values were higher than leaf ones. 
 
3.6 DOP 
With the aim of determining the optimum mineral nutrition, the DOP index was 
calculated from leaf mineral element concentrations at 120 DAFB. This index provides 
similar information to the Diagnosis and Recommendation Integrated System (DRIS) 
(Davee et al., 1986; Sanz, 1999). 
Leaf N concentrations were slightly lower than the optimum, whereas an excessive 
P concentration was found in all rootstocks, both for ‘SHG’ and ‘Van’ cultivars. The K 
concentration was lower than normal, except on CAB 6P and Gisela 5 grafted with 
‘SHG’, and these two rootstocks and SL 405 grafted with ‘Van’. In both cultivars, leaf 
Ca and Mg concentrations were consistently adequate for all rootstocks, except for Ca 
concentration of SL 64 grafted with ‘Van’. 
All rootstocks showed a relative deviation to the optimum concentration of Fe and 
Zn, when they were grafted with both cultivars. Leaf Fe concentration values were on 
the deficient range, especially for SL 64 rootstock. Zn concentration was also lower 
than the adequate. The Tabel rootstock grafted with ‘SHG’ had lower Mn concentration 
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than adequate. All other rootstocks grafted with both cultivars, had consistently 
adequate concentrations. Leaf Na and Cu concentrations were considered to be adequate 
for all rootstocks and cultivars. 
According to the Σ DOP index, ‘SHG’ did not show statistically significant 
differences for nutritional balance values among rootstocks. In contrast, in the case of 
‘Van’, Adara rootstock showed the best balanced nutritional values, although 
differences were not found when compared with CAB 6P and Gisela 5. 
 
4. Discussion 
Rootstocks affected the vigour and fruiting response of ‘Stark Hardy Giant’ and 
‘Van’ sweet cherry cultivars. Adara was the most vigorous rootstock and induced a 
higher cumulative yield, as previously reported (Moreno et al., 1996). The good 
adaptation of Adara to the growing conditions, probably favoured higher values for 
these characteristics. The high vigour, shown by Adara, may be recommendable when 
planting on poor soils or under replanting conditions (Moreno et al., 1996). Gisela 5 was 
the most vigour-controlling rootstock reducing trunk cross-sectional area to around 87% 
of Adara trees in 2005, which is in agreement with a previous study (Whiting et al., 
2005). In the Mediterranean area, the poor tree growth induced by Gisela 5 was 
previously reported (De Salvador et al., 2005). Only Gisela 5 showed greater yield 
efficiency than Adara associated with the lowest vigour of the first rootstock. The yield 
efficiency of CAB 6P was greater than MaxMa 14 and SL 64, as mentioned by Jiménez 
et al. (2004a), especially when the cultivar was ‘Stark Hardy Giant’. Tabel also showed 
good yield efficiency (Charlot et al., 2005), although it was not higher than MaxMa 14 
(Kappel and Lichou, 1994). When comparing the two cultivars, ‘Van’ induced higher 
fruit yield and yield efficiency. 
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Leaf chlorophyll concentration was in general not high. According to Moreno et al. 
(2001), SL 64 showed low leaf chlorophyll concentration. Since this rootstock is 
considered to tolerate calcareous soils, waterlogging may be responsible to the low leaf 
chlorophyll concentration measured. In the absence of yield (year 2001), chlorophyll 
concentration was higher on Adara when it was grafted with ‘Stark Hardy Giant’. This 
rootstock also showed less visual leaf yellowness in 2005, where the yield was high.  
Rootstocks influenced the leaf and shoot mineral element concentration of cherry. 
The excessive P concentration found in all rootstocks was attributed to an excessive P 
fertilisation in the growing conditions. This tendency has also been detected in previous 
cherry trials (Moreno et al., 2001). Leaf K concentration for Adara was lower than 
normal, however Adara trees, grafted with ‘Van’, that were not in their first bearing 
years, showed adequate K concentrations (Moreno et al., 1996). As previously reported 
(Usenik et al., 2005), Tabel showed lower leaf K concentration than MaxMa 14 and 
Gisela 5. Decreased leaf K was previously associated with heavier cropping rootstocks 
for cherry (Neilsen and Kappel, 1996) and prune (Weinbaum et al., 1994). 
In both cultivars, leaf Fe concentrations were deficient (Leece, 1975), whereas no 
acute symptoms of chlorosis were found. A similar tendency was observed on 
‘Sunburst’ sweet cherry (Jiménez et al., 2004b). The antagonistic effect of P on cationic 
micronutrients could be responsible to some extent of the low Fe concentration 
observed (Hansen et al., 2006). However, as mentioned above, leaves only showed a 
slightly pale, green colour. Fe uptake may also be negatively affected by Mn (Mengel 
and Kirkby, 2001). Mn is a micronutrient that limits the normal growth of cherry trees 
in calcareous soils (Moreno et al., 1996) and it is relatively immobile in the plant 
(Mengel and Kirkby, 2001). Gisela 5 showed higher Mn concentration in leaf and shoot, 
in both cultivars. This could be explained by its small yield or may reflect a lack of 
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dilution of Mn due to the smaller size of trees. On the other hand, the Adara rootstock 
showed high Mn concentration values associated with high yield, especially when it was 
grafted with ‘Van’. Zn leaf concentration was close to deficiency, and Na and Cu 
concentration were considered as adequate for all rootstocks, as previously reported 
(Jiménez et al., 2004b). The P, Mg, Ca and Cu deficiencies are extremely rare in cherry 
orchards (Putnam, 1999), although some cases of Mg deficiency has been reported 
(Usenik et al., 2005). 
Leaf mineral analyses showed that the nutrient status of Adara was close to the 
optimum, according to reference values for cherry trees described by Leece (1975). This 
confirms the best adaptation of this rootstock to heavy and calcareous soils (Moreno et 
al., 1996). On the other hand, the P. mahaleb rootstocks showed the most unbalanced 
nutrient status when grafted with both cultivars. These rootstocks, which are 
traditionally used in Mediterranean areas, showed bad adaptation to heavy soils and 
flood irrigation conditions. However, under more controlled irrigation system their 
response may be better. 
In both cultivars, the mineral element concentration of shoots for Zn and Cu 
appeared higher in comparison with those obtained in leaves. On the contrary, the N, P 
K, Mg, Fe and Mn shoot concentrations were clearly lower than leaf values. The low 
vigour of Gisela 5 seemed to favour higher shoot N and P concentration in both 
cultivars. Moreover, other mineral concentrations of Gisela 5 shoots were in general 
very high. Adara rootstock had higher Mn concentration, in spite of being an 
invigorating rootstock. This may be due to its better mineral uptake efficiency (Moreno 
et al., 1996). 
A significant correlation between leaf and shoot concentration of Mn was found for 
both cultivars (r=0.86, P≤0.01 in ‘SHG’; r=0.45, P≤0.05 in ‘Van’). A similar 
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correlation for Mn was found between flower and leaf mineral concentration in cherry 
trees (Jiménez et al., 2004b). Since Mn deficiency has been frequently reported for 
cherry (Neilsen and Kappel, 1996), shoot mineral analysis could be used as a tool for 
the detection of nutritional disorders. Indeed, significant correlations were found for Zn 
in ‘SHG’ (r=0.56; P≤0.01) and K in ‘Van’ (r=0.46; P≤0.05). 
The chlorophyll concentration of leaves was positively correlated with leaf N and 
shoot Zn in ‘SHG’ and ‘Van’ (Table 5). In this last cultivar, a significant correlation 
was found between chlorophyll and leaf Fe concentration, whereas in ‘SHG’ 
chlorophyll was positively correlated with leaf Zn and Cu. 
In both cultivars, significant positive correlations were found between yield 
efficiency and shoot mineral concentration, with the exception of, Mg and Zn (Table 5). 
Shoot K concentration was negatively correlated with yield efficiency. The key role that 
K plays in vegetative development of the tree through the meristematic growth (Mengel 
and Kirkby, 2001) or its accumulation in fruits (Wills et al., 1983) might explain this 
result. In ‘Stark Hardy Giant’, negative correlations were found between yield 
efficiency and leaf Ca, as reported for peach (Zarrouk et al., 2005), and Mg 
concentrations. High concentrations for these macroelements were associated with 
worse yield performance of trees (Moreno et al., 2001). 
In conclusion, in our growing conditions, tree growth of dwarfing rootstocks was 
very low. On the other hand, rootstock not very dwarfing showed better agronomic 
performance, with high yield and more balanced nutrient status. The Mn concentration 
in leaves and shoots were significantly correlated, thus the use of shoot analysis would 
also permit the detection of any deficiency of Mn. Furthermore, the potential 
relationship between leaves/shoot and developing fruits mineral composition should be 
investigated in the future. 
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Tables 405 
406 
407 
Table 1. Trunk cross-sectional area (TCSA), cumulative yield and yield efficiency of ‘Stark Hardy Giant’ (‘SHG’) 
and ‘Van’ grafted on different rootstocks, in the seventh year after grafting. 
Cultivar Rootstock 
TCSA 
(cm2) 
Cumulative yield 
(kg tree-1) 
Yield efficiency 
(kg cm-2) 
‘SHG’ Adara 171.0 a 35.5 a  0.20 b 
 CAB 6P 111.1 bc 19.1 b 0.17 b 
 Gisela 5 23.4 e 7.7 b 0.32 a 
 MaxMa 14 124.4 b 12.3 b 0.10 c 
 SL 64 112.1 bc 10.7 b 0.09 c 
 SL 405 74.3 cd 8.0 b 0.08 c 
 Tabel 54.1 de 10.4 b 0.20 b 
       
‘Van’ Adara 274.5 a 60.5 a 0.22 b 
 CAB 6P 112.8 bc 22.4 b 0.19 bc 
 Gisela 5 33.7 c 15.5 b 0.45 a 
 MaxMa 14 141.3 bc 21.6 b 0.15 c 
 SL 64 201.7 ab 24.3 b 0.14 c 
  SL 405 105.6 bc 23.5 b 0.22 b 
408 For each cultivar, mean separation within columns by Duncan’s multiple range test at P ≤ 0.05. 
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Table 2. Total chlorophyll (Chl) concentration of ‘Stark Hardy Giant’ (‘SHG’) and ‘Van’ grafted on different 
rootstocks, in 2001 and 2005. 
Cultivar Rootstock Total Chl (nmol cm-2) 
    2001 2005 
‘SHG’ Adara 39.2 a 36.0 a 
 CAB 6P 35.7 b 35.9 a 
 Gisela 5 34.9 bc 34.1 a 
 MaxMa 14 34.3 bc 36.3 a 
 SL 64 31.4 c 32.7 a 
 SL 405 33.6 bc 34.7 a 
 Tabel 33.6 bc 37.4 a 
    
‘Van’ Adara 33.9 a 34.4 a 
 CAB 6P 34.7 a 35.3 a 
 Gisela 5 32.4 a 34.7 a 
 MaxMa 14 34.2 a 34.7 a 
 SL 64 31.9 a 33.4 a 
  SL 405 33.5 a 35.5 a 
411 For each cultivar, mean separation within columns by Duncan’s multiple range test at P ≤ 0.05. 
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Table 3. Rootstock effects on leaf and shoot mineral element concentrations of ‘Stark Hardy Giant’ sweet cherry 
cultivar at 120 days after full bloom and the seventh year after grafting. Results for N, P, K, Ca, and Mg are 
expressed as percentage of dry matter and Fe, Mn, Zn, Na and Cu, as mg kg
412 
413 
414 -1. 
Rootstock N  P K Ca  Mg 
 Leaf Shoot  Leaf Shoot Leaf Shoot Leaf Shoot  Leaf Shoot 
Adara 1.95 a 0.74 b  0.30 c 0.15 b 1.20 d 0.38 ab 1.64 b 1.32 bc  0.46 b 0.13 a 
CAB 6P 2.03 a 0.66 b  0.37 a 0.15 b 1.63 a 0.44 a 1.76 b 1.39 bc  0.42 bc 0.11 a 
Gisela 5 1.87 a 1.01 a  0.34 b 0.20 a 1.64 a 0.34 b 1.62 b 1.91 a  0.31 d 0.11 a 
MaxMa 14 2.18 a 0.72 b  0.35 ab 0.16 b 1.43 b 0.47 a 2.34 a 1.77 ab  0.45 b 0.13 a 
SL 64 1.78 a 0.62 b  0.35 ab 0.13 b 1.37 bc 0.38 ab 2.36 a 1.12 c  0.53 a 0.10 a 
SL 405 1.87 a 0.66 b  0.34 ab 0.14 b 1.25 d 0.39 ab 2.21 a 1.57 abc  0.56 a 0.12 a 
Tabel 2.13 a 0.64 b  0.33 bc 0.14 b 1.29 cd 0.39 ab 1.66 b 1.22 c  0.40 c 0.11 a 
                
Rootstock Fe  Mn Zn Na  Cu 
 Leaf Shoot  Leaf Shoot Leaf Shoot Leaf Shoot  Leaf Shoot 
Adara 45.8 a 26.8 a  57.5 b 50.8 ab 18.2 a 20.3 b 0.007 a 0.010 b  8.6 a 77.0 ab
CAB 6P 53.5 a 23.0 a  59.8 b 39.5 bc 16.3 a 28.5 ab 0.009 a 0.008 b  8.5 a 62.0 b 
Gisela 5 55.2 a 33.0 a  74.8 a 60.2 a 12.2 a 38.0 a 0.009 a 0.013 a  8.2 a 125.2 a 
MaxMa 14 52.6 a 28.6 a  51.0 b 30.8 cd 18.0 a 27.7 ab 0.010 a 0.009 b  9.8 a 71.4 b 
SL 64 42.0 a 24.7 a  53.7 b 33.7 cd 15.0 a 26.6 ab 0.008 a 0.009 b  7.7 a 58.3 b 
SL 405 51.7 a 25.7 a  48.3 bc 26.0 d 16.3 a 42.0 a 0.009 a 0.009 b  8.7 a 77.3 ab
Tabel 51.5 a 25.5 a  36.5 c 24.5 d 14.5 a 42.0 a 0.010 a 0.010 b  9.0 a 65.0 b 
415 Mean separation within columns by Duncan’s multiple range test at P ≤ 0.05. 
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Table 4. Rootstock effects on leaf and shoot mineral element concentrations of ‘Van’ sweet cherry cultivar at 120 
days after full bloom and the seventh year after grafting. Results for N, P, K, Ca, and Mg are expressed as percentage 
of dry matter and Fe, Mn, Zn, Na and Cu, as mg kg
416 
417 
418 -1. 
Rootstock N  P K Ca  Mg 
 Leaf Shoot  Leaf Shoot Leaf Shoot Leaf Shoot  Leaf Shoot 
Adara 1.87 a 0.69 ab  0.28 b 0.17 bc 1.47 a 0.34 b 1.68 a 1.53 b  0.45 a 0.12 b 
CAB 6P 2.08 a 0.69 ab  0.35 a 0.17 bc 1.83 a 0.40 a 2.07 a 1.49 b  0.48 a 0.12 b 
Gisela 5 2.03 a 0.77 a  0.34 a 0.21 a 1.56 a 0.33 b 2.02 a 2.22 a  0.42 a 0.13 b 
MaxMa 14 1.97 a 0.59 bc  0.35 a 0.16 bc 1.77 a 0.40 a 2.31 a 1.91 ab  0.53 a 0.13 b 
SL 64 1.81 a 0.51 c  0.34 a 0.14 c 1.48 a 0.34 b 2.63 a 1.63 b  0.59 a 0.11 b 
SL 405 2.19 a 0.69 ab   0.37 a 0.18 ab  1.71 a 0.39 a  2.15 a 1.54 b  0.56 a 0.16 a 
                  
Rootstock Fe  Mn Zn Na  Cu 
 Leaf Shoot  Leaf Shoot Leaf Shoot Leaf Shoot  Leaf Shoot 
Adara 47.8 ab 30.0 a  74.2 a 39.4 b 15.4 a 34.6 a 0.010 a 0.009 b  8.4 a 83.6 b 
CAB 6P 53.6 a 29.4 a  62.0 ab 37.8 b 17.2 a 41.8 a 0.010 a 0.008 b  8.4 a 77.6 b 
Gisela 5 49.6 ab 34.4 a  71.4 a 48.2 a 15.0 a 33.2 a 0.010 a 0.012 a  9.2 a 154.4 a 
MaxMa 14 45.6 b 30.4 a  54.6 b 25.4 c 14.8 a 38.8 a 0.011 a 0.009 b  7.8 a 71.0 b 
SL 64 43.0 b 27.3 a  64.3 ab 26.0 c 17.0 a 28.3 a 0.009 a 0.009 b  9.0 a 86.3 b 
SL 405 48.0 ab 28.0 a   62.5 ab 21.5 c  17.5 a 30.0 a  0.010 a 0.008 b  9.0 a 80.5 b 
419 Mean separation within columns by Duncan’s multiple range test at P ≤ 0.05. 
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Table 5. Correlations among chlorophyll concentration and yield efficiency and nutrient concentration in ‘Stark 
Hardy Giant’ (‘SHG’) and ‘Van’ for leaves and shoots. 
  Chlorophyll concentration  Yield efficiency 
  SHG Van  SHG Van 
Leaf N 0.611** 0.398*  ns ns 
 P ns ns  ns ns 
 K ns ns  ns ns 
 Ca ns ns  -0.307* ns 
 Mg ns ns  -0.390** ns 
 Fe ns 0.513**  ns ns 
 Mn ns ns  0.449** ns 
 Zn 0.493** ns  ns ns 
 Na ns ns  ns ns 
 Cu 0.576** ns  ns ns 
       
Shoot N ns 0.440*  0.500** 0.523** 
 P ns 0.466*  0.649** 0.624** 
 K ns ns  -0.415** -0.470* 
 Ca ns ns  0.430** 0.515** 
 Mg ns ns  ns ns 
 Fe ns ns  0.346* 0.439* 
 Mn ns ns  0.508** 0.664** 
 Zn 0.492** 0.576**  ns ns 
 Na ns ns  0.548** 0.653** 
  Cu ns ns  0.530** 0.594** 
422 Significant at P ≤ 0.05 (*) or at P ≤ 0.01 (**); ns: not significant. 
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Figure 1. Rootstock effect on trunk cross-sectional area (TCSA) of ‘Stark Hardy Giant’ (A) and ‘Van’ (B) sweet 
cherry cultivars from the fourth (2001) to the seventh (2005) year after grafting. Vertical lines indicate LSD (P ≤ 
0.05). 
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